Structure and function of vitamin K epoxide reductase.
Vitamin K epoxide reductase (VKOR) is an integral membrane protein that catalyzes the reduction of vitamin K 2,3-epoxide and vitamin K to vitamin K hydroquinone, a cofactor required for the gamma-glutamyl carboxylation reaction. VKOR is highly sensitive to inhibition by warfarin, the most commonly prescribed oral anticoagulant. Warfarin inhibition of VKOR decreases the concentration of reduced vitamin K, which reduces the rate of vitamin K-dependent carboxylation and leads to under-carboxylated, inactive vitamin K-dependent proteins. It is proposed that an active site disulfide needs to be reduced for the enzyme to be active. VKOR uses two sulfhydryl groups for the catalytic reaction and these two sulfhydryl groups are oxidized back to a disulfide bond during each catalytic cycle. The recent identification of the gene encoding VKOR allows us to study its structure and function relationship at the molecular level. The membrane topology model shows that VKOR spans the endoplasmic reticulum membrane three times with its amino-terminus residing in the lumen and the carboxyl-terminus residing in the cytoplasm. Both the active site (cysteines 132 and 135) and the proposed warfarin binding site (tyrosine 139) reside in the third transmembrane helix. VKOR is made at high levels in insect cells and is relatively easily purified. This should allow the determination of its three-dimensional structure. A detailed mechanism has been published and the purified enzyme should allow the testing of this mechanism. A major unanswered question is the physiological reductant of VKOR.